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(54) PARALLEL EXECUTING METHOD FOR REPETITIVE 

(57)Abstract: 

PURPOSE: To execute a repetitive processing such as 
an LU decomposing processing by parallel computers in 
a shorten time. 

CONSTITUTION: For example, a (K)th repetitive 
processing consists of a processing P(K) which can not 
be performed in parallel and a processing Q(K) which can 
be performed in parallel, the processing Q(K) uses the 
result of the processing P(K) T and a (K+1)the processing 
P(K-M) uses the result of a processing QS(K) as part of 
the (K)th processing Q(K). In this case, the processing Q 
(K) is decomposed into processings Q1(K)-QP(K) as 
many as the number P of processors, and the processing 
QS(K) is included in the processing Q1(K). The 
processing Q1(K) and processing P(K+M) are executed in 
order by the same processor and other processing Q2 
(K)-Qn(K) are executed by other (P-1) processors is 
parallel. The said processings are repeated thereafter 
each time of processes of all the processors end. 
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Jg£*l<5 0 LJ^L. S-SSSr^lzffiJlP (K) I4&0J 

ft. c<D«asp (k) a>»TB*m*^ 7a* 

[0 0 3 0] l**(El::* ^t-r^^^jo^-rxN^i 



OOOtLfzi:^, ±&mmo (K) (tffiiP (K) 

9 8%fc£tf2%^g(&>lsg:§££tf>6o LfrL. $&s 

P (K) % 81IQ (K) (OftfrftoaUKSCDttffi*^ 

[0031] Si a>tt9UH-3Ktta^4#a>^p 

■bvtffr&tty* *^p-bv*#^ hju^p-bv-y"© 
zouq (k) i43feW«vsRifi6-efcyr -zcwa 

3UM»t»«JB**i*±l::* aiq (K) 0l+g«i^l4S 
«tt*o>fcft* h;u^p-fe^^rta)/<-<^-<> 

atjr«o>ttffl*«vi^ 5asp ck> at. — 

St— **«=»LT«»Mlwai«*«*<i:<. -O-o 
fl*^ h;u^p**i*rt<D— »©/<<:7W>»JM&L 
frttJH-tt-T. llHia)M*M:X<fti\ za>lzto* Jt 

f *«l£«-ei4. HQ (K) i:$tt^BlP (K) 0) 
3KJFflmJil*tttt 1 / 1 oBflEfclSL*. :0f:i6, 
P (K) ^ffllQ (K) <D«l3IB#|yia>ltli. 
$$110:12 (=2:98/(10x4)) 

tfty* *>-r^2%cD36a:a(DfflSP (k> ^lu^s 

#©^P-b^*t«fflLTtx*l=*^fc&-r»*2# 
[0O32] Hl(D?Dt^1»tf, X— /<— 

X^^^P-fe'i/ifAN^fey. 3b^^P-tr^-9-0)^&^l 
0 0*aflE-C**»*©flSWT»li. ®IQ (K) 

t^ffliP (K) oa)t>Hffl*l*tti/2-efc«. c 
ffiip (k) tmma (k) a>ffl9B#ma)jt 

$$4: -J (=2: 98/ (2x100) ) 

tftU. t>r^296a>MWa>A9P (K) *<X)tl*M 
(7)$58 0%^dStoS-<t^t>A>S o LfctfoT. lOO 
#a)^P-b^»t«HLTt^*l=*a^^fc6n O^li 

[0 0 3 3] LfctfoT. SHIP (K) a>»fTBWHA<* 

[0 0 3 4] BCfcSftHHI*. LU5MMMIZR& 
5QSP (K) -C««4*i*»1<D*Mfc. ^(Dffi^ 
CD^^lC^fj-T^^. ffllQ (K) -c««*ti*st»i 
^f7^I«6*m2(7)ffliS<b$SS-rSi:i:4ilc. Z(D8S 

Lic^fcoxi4. m2o^<D^?r^icmi otemzm 

So 

[0035] mi^mpL^t. **a>*a6-ci*. 
a>^p-b^-9-T?o)aa»%a)«BJzfc*»BiA<*^zi: 
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[0036] ufctfo-c. *nm<DBtoi*. 

k m2coffis^s«LT^f7*r-<#smflis^. am 
nB*^r*-t*^ii6<i:s*ftai©it«*ff*a*a 

[0 0 3 7] *%ma>4&0>Sftl*« Z (D £ 5 ft«&S0>5l 
[003 8] :MftffOJ:yjlfttt4:BMI** LU^S«i 

[0 0 3 9] **MO>ffi(D«fcy*(tMftatttt. I0)L 
[0 0 4 0] 

Wa*»*-r«fc»l30)*»] ±lcBWBLfcLU5M» 

(K) <MMI£ttJSLT*fTS*i4«MQ (K) TM4* 
«tttU2 (K) <t®i^A (K) oMEaEffttoftfiW 
JI£*i£o z*i&a>wfca>3%. *HB;u— :7a>3fca>f*iS 

LB#(c|tft£;»x£&3lP (K + M) a>tt»l=«ffl-r-6Jf 
fRH\ CCDK + 1 E)BI=J3lf4««U 1 (K) . LI 
(K) . L2 (K) icM-r^SKRGW-Cfc*. -r*3b 
S4(ZfeLNT. mK + MfT^bmNf7<tmK + M5"J 

«2 6rta>s*rcH-r*fflaQ (k) (^qs 

(K) tPfcS^fclz-j-*) jM*7ttfc*fT*HttLttl+ 
*tl4ft&ftl>o L*U SIP (k+m) 14. ffiitfA 

(k) a>«. ca>flWi2 6a^«>««rta)K*r=»-r* 
aiq (k) (hi*. atwuismwsrefc*. 

[004 1] *#gBjT*f*. ca>zi*«jflLT* **l± 
I»M*ii4^*ltiMl p (k) . a 

«*fTWttft«2 0)»Si (Q (K) ) fc**U S20 

na)S7^otigsi, m2(D«&s5Hft-r^«fc 
dir. su *2a>»iSK«LT*fTr**Rtt»B 

B) ■e*ff**i«»20>»3i (q (k) ) a>« % xatt 

SL (K + M0B) ?X1r$4l«*#ff 14>*H (P 

(k+m) ) a^affl-rftaattx^A-rstt^aa 
(qs (w ) x&m&Lmom i omm (p ck 
+m) ) b&mcz?a±y*Hz*mmr* zcom^om 
m (p (k+m) ) Caabas (qs (k) ) ic 



(K) ) 0)1*3. Z.<D»#mm (QS (K) ) Glftatfft 

*fTW»a»a (Q2 (K) (k) ) iz#iiu 

*H&(D38y<D^PHr^*lc € fcyMWI=38fT*#*. 

[0 0 4 2] ZCDlg. ±E»»«1 (Qs (K) ) k% 

i (DffiS (p (k+m) ) fc£*fi-r*:7niz?tfa>fl 
BBMHtf* «o^D-b^-»(D-tixJ:y/h*i^t*lci*. 
tt*a> «um«Hiba> -b tr -»a>«*i & am c t ft 

12045131 (Q (K) ) (JOrt. fli&Aa (Q 

s (K) ) mw©-»tiza>»#aa (qs (k) ) ±ti 
yaTfc^p-fe^»iziiyaT*cfc^j:ya*L^. 

m2a>s&ai#i3i (q (k) ) *s«s-*4a>i:: 
iMs«cKia>*« (p (k) ) ivr*i**©:?p-fe* 

v»ic«iyaT*'<#»2(D«aa cq (k) ) a>-^ 
st3E**ifcftaa>»yaTfz«oT. *^p-fe 
v*-e. »»«a (qs (k) %L<i±Qi (k) ( i = 

2*n^p-1) ) **fr*-fr*. 

[0043] sptt&ai (qs (K) ) suyst&tifc 

(P (K + M) ) £36fr*1±*. z<DtR&mm (QS 
(K) tmiOffiS (P (K + M) ) 
3S (Q2 (K) *n£QP (K) ) a>*ftO)»7t1t«3T. 

[0 0 4 4] £fc\ **IBI4. B2. B3 0>J&3CDft9J 

[0 0 4 5] 

[ftJB] ZitoESgM ( (K + M) ) CDSlttfflJl (P 
(K + M) ) li. m20)5!ia (Q (K) ) Ort. f0f 
1^1 (P (K + M) ) iCftftoTftfr*- fc&Stffc 
^35^®^ (QS (K) ) JiLAa>*Mb1k9Uzmft*ti 

B*IH*«*1-*z tactile**. X. QL*o>Zk<. 
110)811 (P (K + M) ) £ft2CDffl9 (Q (K) ) 

t5E*ics«T-*-*ie*a>«fti3ttKT. -corn 1 a>«i3i 
(p (k+m) ) a>jtfrBM*<« m&Lmm±mzBL\i 
tgffsa*-et* 9 ftfe. snofln (p (k + 
m) ) i* % (qs (k) ) sayat^fc? 

[0 O 4 6] 

Mltffi bit. **^iw^^ss5ascDMJij|ifTS^ 
c tot, L < liS«<7) tajjg^ttoitio 

[ 0 O 4 7 ] <m&& 1 >*^ffi«T*(i. @ 1 CD±Stg 
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[0048] KIT. *^S60J£-. i9(D7P-f K 

[0 0 4 9] I^SlZlIILTi&B^Lfziiy. LU^SfliS 
rcD^JsmsoiQiaiP (K + M) li. S4|Z^-T^JA 

ictet^Traaic?ffloeffi«2-6rzacTffls^ff-r" 

£o LfctfoT. fffSL^HJOfflSlQ (K) 3 14 
CD*7£ljAP*3<D^HU 6-Cfc^mK+M5iJ^t>mK+2 * 
M-1?ij<DJE$T*&5lQS (K) S^IQ (K) frt>R£^ 

fc«ya)«ia (q (k) -qs (k) ) tmmp (k+ 
m) liM^Jic^pjgi-e&^p ^ip (k+m) nam 

QS (K) ^HT-r^lfUoT^H^BI^i:^^,, Lfc 
^ot, E9lCfclM:. HQ (K) ^^Mbf 
6 3jHftL, flWlQS (K) £^frfllJi!Ql ' (K) 6 
4. A13IQ2' (K) 6 5&l>L$aSQP * (K) 6 60) 
p»=#»IU *<Do?>. A1Q1 # (K) 6 4£fll3I 

p (k+m) 67 tmczfo-h^VQ. tomm&vito 

icHfr-T^-itlc^y. «1Q2' (K) 65fcUL4& 

mo?' (K) eetmmp (k+m) tsatwizsiff 

■T 3 d t J: 5 CifcSo 

[0.0 5 0] (K + M) 6 7 £KlH]g(D&^l5}-e 

^fr-T^fc^lZ. 6 1. 6 8fccfctf6 9T?«IWS*l«R 
K1=MAX (K+2M-K K + M + 

[00 5 5] S^IC. K2ftl*LK (p-1) liJ&SQ 
(K) fr£fll3!Ql ' (K) 6 4$Rl^«!II$. BU 

K i =K 1 + ( i - 1 ) / (p- 1 ) 
V&tt-t^ttfT'Z&o C^t, K i (iK2?StNLK 
(p-1) ^fc^fr-f, 

[0 0 5 7] $Sg(B*^#igi::££K 1 . K2_ , K 
(p-1) <D&£«1316 21*. *£«|5]r<hlCfT#;U£3!) 

MSKDKttBI ~ & fc*t* Sft-r * <fc tt^ 

[0 0 5 8] S8lz^-r^P^3Ali. 

[0059] *-f. K= 1 <Dt$<D&mP (1) 45? 
*f?U D0 9;U-^4 6T*it^*4tfcSm«l^^llfT 

-f* 0 ^iciu^Lf-^ «d fecfci; (3*2) iz^y. 

««*WlC»«-r4fc»l=K1. K2. K3f^S4 

[0 0 6 0] ^P^^A(7>^J<blB2ili. UtOlD^P 
•fe^O>*flCfll3lP (K + M) 5 8^tqy(*lt^(DT*. 
SECT I ON$-f ^OJfe^HtJi^fM 8fcUL5 3£ 
mi>^o ^P-tr^OMtt. #SECT0N () XTrEtt 

[0061] SECTION (1) 4 9TM*. *&§Ql ' 



a;u-^izA^«rfc. k= i (ot^commp cd so 

[005 1] fll^Ql ' (K) 64. 4&3SQ2 ' (K) 6 
5&l>Lffl3lQP' (K) 66<D#§]li. MP (K + 

m) 6 7£^*>-c. ±»<Dsskmt<^m\^i>^o\z»m 
-?*>&mt<&z>o «kma (k) &?u±y* 
fca y *tit *>?ija>»££M-f & d 1 iz* y a 4 5 c 
~ fc^Tf**— cz-ci*r»ai"Qr'""(Ky 6'«a?jy- 

SK + M^bKUL, (K) 6 5-CS55IJ 

?K1 + 1^bK2i:L, ffllQP' (K) 6 
M*K (p-1) ^bNtt^o 

[0 0 5 2] Z(Dmm<D&W<ftWUZ&&K 1 „ K 
2. . % K (p-1) <7>&£6 2<B^m£iaBJ^£ 0 

[0 0 5 3] ilP (K + M) iCSfctfoTHfrr 

5>^S0)fe^«lSQS (K) I*. ffilQl' (K) 

6 4lC#f*^TL^^^^<fe^)o LfrA<oT. K 1 li 
K+2*M-1fcJL±<!:fc:* (jfcfM) o MP 

(K + M) 6 7(7);HSfi^4&SQ (K) (Cfclt^^JCD^ 

(K) SAtmmP (K + M) 6 7(D>H^:Ma)ffi$^ 

[0 0 5 4] 
[»1] 

(N- (K + M) +1-Prow) /p) (1) 

(Dp-1^co^p■fe^-9■T*^I^lr^ffl■rtL^^aL^o Ltz 

A^t, K2&ULK (p-1) l±2fc<7)5t. 
[00 5 6] 
[»2] 

* (N-K 1 ) + 1 (2) 

(K) 5 4<t*&3gP (K + M) 5 8$ZCDfliS^||^-r 
£ e ::trs ffilQl' (K) 5 4l£fr£iJA(7>mK+M 

»bSKi^t'ja§tlio ::t\ KKi (5£ 
i) &m^x#ti>z>o (3d) a)Kio)Siic«ty, «i 

3IQ1' (K) 5 4IiStT^LfcMQS (K) Jtfe-i 

[0062] SECTION (2) 5 0 "CI* . «Ula2 ' 
(K) 5 5£g£*rt-£o ffl3lQ2' (K) 55(if7^JA 

a>m (K1 + 1) »bSK2^t^Sat^ 0 

T*. K2li (^2) &mi*X&tkZ>o 
[0063] SECTION (3) 51 Xit. ffl3gQ3 ' 
(K) 5 6^t§o «ilQ3' (K) 5 6li^JA 

o>% (K2 + D ?«J^t»mK3?ij*T^S^-r^o 

"C% K3t (*2) £JEl>T##><5o 
[006 4] SECTION (4) 5 2 Trl*. ®IQ4' 
(K) 5 7^Hfrt^o flilQ4' (K) 57li^jA 

com (K3 + D $u6^mN$ij3:-c£gis-r£o 

-C. K3I* (^2) £mi^x&#>Z> 0 
[0 0 6 5] @8lC^Lf-^P^^A^n>/^>r^-r^ 
CtlCcfcy. S9I^Lfr^BlT*ll^7$n^^^^x^ 
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^>fctf)ic. 3tMfl:«ka6 3iH»|j8ia6 9**fr-r*3 

[0066] ^osas«i=ci:y. asp£gi§-t. bm 

L. fro. fc^p-fevtftf** h;u^p-b^*a>a*. 

[0 0 6 7] <ftttfl2>*ftlfc0II** SlO^IStt^ 
[0 0 6 8] 1 IwfeUTI*. H9T:^Lfcrit 

y. fflip (k+m) (t^as^njoaaiQi ' (k+ 

M) ftkxLAHQP' (K + M) «t<&iHJ?F3l&£SijEL 

Frtltttffc*. **«S«-ei*. *a6lB3K p o s t as 
£frfci\ ffiMfcaai£S8S£ftK<BK«;u— ^©nflJ 

I^Wa i t ffiJil*. OSCD^ft-T^P o s t /Wa i 

i>tot'WPo s t/wa i 1 ^5Utf*y* p 

[0 0 6 9] zcoaS¥l]I£Hl 1 £JHlvcH9£J£K 
LtSBtS. **\ B9tB«l:, aHP (1)10 
l£H*T-f£o «»KftKi::£yS»**i,«£fl[ 

a90i£«#flan 0 3ftl*Ll 0 5. BJSifr— 
?a>MMftKaE*ran 1 7 41^11 1 9fcJ:l/£ 

[0 0 7 0] Post ilfe^l^a i t WMOWC&t 
3*-e**A**y*<«TU Wa i tllStti^ 



[007 1] SIP (K + M) 1 0 7 £Si§-r£ 

^p-b^*©*fT«ll**KWf *. Z0>:7p 
ff-r*5IS*E«r»aQl ' (K) ^fliSQS (K) 106 
t$m (Q1 ' (K) -QS (K) ) 10 8©2O|Z^S 

f£o ^:t\ ^IQS (K) 1 0 6li. asp (K + 

M) 1 0 7lCft/=ot^5^jArta)gK + MWb 
tgK+2 *M-1fT<D*Bra«-Cfc4. Al (Ql ' 
(K) -QS (K) ) 1 0 8lt CCD^P-fe^-frtffiS 

tMio (k) irH-r*aya>ffla-cfc* B mmp 

(K + M) 1 0 7SSIff"i"*Ci:lC«k y. <6(D^P-bv 
*©»0)fia^ ^<0iIlSQ2 ' (K + M) 10 9^ 
LA1QP' (K + M) 1 1 O^glfif-r^Ci^T*^^ 
CD"C. ZZV. Po s tffl91 1 1 jS«fcl/Wa i tAI 

i i stti^L 1 1 6^W^ e ::t\ p o s ttsm 

1 1 1 l*<fe(Dp- 1 ^CD^P-b^-U-CDWa i t&9kt& 

e-rszfct-r*. as (qi* (k) -qis 

(K) ) 10 8^n 0 ^SIsKDffilP (K+2 

*m) *SHr-r*fctolcf4. ^com\zijko>zfa^^V(D 

mmQ2' (K) 1 0 94ULffilQP' (K) 1 1 0£ 

HfT"r^SA<fc*0)-e. ::t\ p o s tffin 1 3 

ftt^LI 1 4fcJ:Wa i t an 1 2f^t§p - 

:t\ wa i tan i 2iip~ i *a>^p-b^-y-3^6 

opo s t as^-r^TSitTjgiL-r^cirt-r^o 

[0 0 7 2] Z0>J:5I=« a^Ql ' (K) tAlQS 
(K) 1 OBtmm (Q1 ' (K) -Q1S (K) ) 1 O 

8<7>2-3>ic#s-r£ztiCcfcy. Po s tan 1 1 it 
Aip (k+m) i 0 7a)E«icsiffprffii:fty. mm 

(Q1 ' (K) -Q1S (K) ) 1 0 8 0>B#Rllf£ltp o s 
t fflSl 1 1 ^ffiCD^P-k^-9-CDWa i t fill 1 5£r 

i^li i 6*y*<*fi-r*c:fc*<wttfctt*, 

[007 3] Hi oic^-r^p^^A-eii. S ECT I 

O N £ -f ^(D ttMflS 7 0*INL7 51*1 EJf£(+fr<C3« 
SSECTION 0 Xi: SECTION 0 &<DHIIC 
*^P*y*-C*^*fT-r*tt««»K(0S*;i,--^7 

6&i^i7 9tfft4. **t-e*ia>JEfluu— ^a>+ic#3t 
iai8 04^tB9tffc4. *g»a>p o s t mmtw 

a i ta31*»J6*-fr^fci6lc. 4<> 

a*?iat-r^ 0 sa^^>hta$^pos ta 

^9 0li. S:SLfeaa)-<^<> h^SI^L. Wa i ta 

owa i t mm 9 4i*. s^Lfza(D^'<>h**tfi;-r 
^>p o s tai9 i 4^L9 3^6ait5ctic*yft 

[0074] hi o iz^Lf-^p^"^A^=i >/<>r;u-r 
^ztizcty. hi 1 iziFiLtz^mvmftZtiz*'?* 

JL<7 h^P^^AA^ffi^tL^o coctli. ^SS^I 
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[0075] <mmm3>*mmm\t. S2<D£iBtt# 

*a si 3it*nmmT'&mirz>7Wy 
Aa>«-cfcy. Si 4i*;:a):7p^A£S2<DgS : c 

[0076] ceo cfc 5 «:atW»»«-Ctt,-H 2 Ic^-Tife - 

SAA9ftRL^rHffftliE«ff«:3. &T-CI*. ?-fe 
[0 0 7 7] ^SlEttMcDM^JI+SS-eii. *1\ ^r- 

[0 0 7 8] Z0!)ai¥ltl1 4tHl^TlB«t4. 
SI IfcltRLT. B1 4-C««:oTl*4»#tt. 

(i) Miopost/wai tAsoft^yic. 

T-*©£«/««*M*f*5 Sen djil^l/R e 
c e i v sBSSil^-i. (2) HI 4(DHi6#J-C 
I*. O^|Z-OC0^P4r^^t°7P^ h^lPfg^L 
Tl*fcOI=ttL?. MM! 3 "CI** Jl«*-C#**:ltiS 

g^-T^z^-efe^o Hi "4 -CI*. 2^(D^P4r^-th 
(PEatPEb) "CAM**?"*-******-. 

3*ISl±a)^P4z!y-y-fl!)a*tiH«-efc«o as 

q (K) [*. zfu±v'*&'e&*>2*D\z&W\zftmZh 

(K) ifc<J;t/ASQb (K) £-r* 0 

[0 0 7 9] Z<Dt$. *U f»*$aH«Sen 

■&tMt*" *f^s*<fc*o c*u*. inopost/ 

Wa i t fflS£ffil\fcB#<DX>re?zL— V>#HttktM 
-Cfcy. 5HlQa (K) £ASQs (K) 1 7 0<fcAS 
(Qa (K) -Qs (K) ) 1 7 2tlz»*-r*^t«Cj: 

jiw-rtt-cfc*. 

[0 0 8 0] -e*v-f*tcD^p-tr^^-ei*. 1 6 
o. 1 6 1 lzfet\rS^n-b^i*-*<if%6<D^a-b^tt- 
■Cfc*^*«R"r«. -til*. ictfUN I X 

a v > K01MOAH I ft J: *5 9«<^9U *»«Hz 

£«BrLfcl 6 2^1 6 3tt5. 
[008 1] ^(C. Eat\ ffllP ( 1 ) 

1 6 6SfiftlV £i£Lt::fIi2L2 (14) tD^r— 2£ 
^a-b^-y-PEblC^-r^/rAIZS e n dASl 67 



[0082]-S, ?Pt^PE bl*. ^(7)f-^ £ 
SfinRe c e i v e AS 1 6 8$H^t-T^o JUT. 

[0083] *-*\ ?nt7fPEb(i, ASQS 
(K) 1 7 3£3§frL. 5l#tt#« ASP (K + M) 1 

□ ■b^i^PEaCSre n d AS 1 7 8*Mt"#"4. * 
<D&. SUdDAl (Qb (K) -Qs (K) ) 1 7 5 £gl 

*tu *saisi-cfc4K+MXT-v^ic*«*aito«. 

[0084] ^P-ir^itPEaT:!*. SfffiiQ 

a (K) 1 6 9-CSa-r*Q©««a>H«fA31*fftt 
IV -ea^lc* K + ^iC&ilfe L 2 (D^r — £ £ 

Rece i v e AS 1 7 7TrSlfS2^»o C<D<t£. ^"P 
tV»PE b§!l(DS e n djl&I 1 7 8 l*RTttttfrt? U # 
<H*T**tTl^fctf>. Rece i v e AS 1 7 7 "COD 

[0 0 8 5] K + MXf ^ ^f- sttTo ^Kl*. 
•fe^-thP E aWe#7 KASP (K + 2*M) 171 
^a^t^e fcTFCDASI*. ^P'byU'P E bOKXf 
y^O^H&HW-Cfc*. WO^P-b^ii-PEbT^ 

K + M^f ^^(Dffllli, ^Pt7^PEa0KXf^ 

[OO86] Sf, ffilQS (K + M) 17 0£g|fr 
U ASP (K+2 *M) 1 7 1 

ztti^cty. k+2 *Miaaa)ai*A3iicfflu*« 

«L2©±Ji*^tlfctt4fctf>l::* fct£%lc^P-b^-9- 
PEblCSen d AS 1 7 9 **fT"T* • *-CDSL SU 
OAS (Qa (K + M) -Qs (K + M) ) 1 7 2 £H*t 
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